The growing demand for municipal water due to population increase and urbanization impels water managers to reconsider the existing traditional supply-sided management approach. Strengthening of water demand management (WDM) policies by improving water use efficiency has been adopted as a key target in arid regions, in particular. Indeed, increasing the added value per m 3 of water used is gaining importance, since it is a more environmentally-friendly strategy with regard to water resource management than expanding water infrastructure assets. Monitoring the water use efficiency index is the commonly applied method for assessing the performance of municipal water management that depends on physical (real) losses and non-physical (apparent) losses constituting non-revenue water (NRW).
Introduction
As a continuation of the process of international cooperation, in 2003 the Third World Water Forum convened a wide range of stakeholders in Kyoto, and has been instrumental in proposing action plans and in strengthening commitments towards the achievement of challenging goals with regard to sustainable water resources management. In line with this global target, the priority actions of the Mediterranean Strategy for Sustainable Development (MSSD) that was adopted in 2005 by the contracting parties to the Barcelona Convention were defined under the main objective of integrated doi: 10.2166/wp.2009.209 Water Policy 12 (2010) [695] [696] [697] [698] [699] [700] [701] [702] [703] [704] [705] [706] q IWA Publishing 2010 water resources and demand management, comprising the strengthening of water demand management (WDM) policies in order to stabilize water demand by improving water use efficiency (i.e. reducing losses and wasteful use) as a key target (Blue Plan, 2008) . Indeed, meeting growing water demand by increasing efficiency in water use is undoubtedly the lowest-cost planning strategy compared to the expansion of water infrastructure assets, while also being the most environmentally-friendly approach with regard to water resources management. Increasing the added value per m 3 of water used necessitates environmental awareness and target-oriented willingness by all stakeholders, i.e. decisionmakers, water authorities, administrators and users, since demand management includes all actions and organizational systems intended to expand technological, social, economic, institutional and environmental efficiencies in the various uses of water, as recommended by La Rivière (1989) , World Bank (1993) , Hoekstra (1999) , Brooks (2003) , Benoit et al. (2005) and Baroudy et al. (2007) (amongst others).
Mediterranean countries, contracting parties to the UNEP/MAP (United Nations Environment Programme/Mediterranean Action Plan) for regional cooperation, have adopted as a first priority the calculation of the water use efficiency index for the water chapter of the MSSD to monitor the progress made in the field of water demand management. Turkey, as an active member of the UNEP/MAP has participated in this process with the preparation of a national report related to water demand management progress and policies (Burak, 2007) , and also by monitoring water use efficiency through pilot projects.
In Turkey, there are 81 provinces covering the whole geographic area (780,000 km 2 ) of the country. Municipalities are established in settlements with a population of over 2,000 inhabitants. The total number of municipalities is 3,225, in which about 80% of the country's population (of approximately 57 million) live. About 64% of the population live within the areas covered by those 205 municipalities whose population is more than 50,000 inhabitants. As case studies to compare municipal water use efficiency in Turkey, three medium-sized settlements (Ordu, Ceyhan and Ç arşamba) were selected to be representative of those with a population exceeding 50,000. The common characteristics of the three selected sites are that they are located on the coast, water abstracted from groundwater is distributed after basic chlorination, and generated wastewater is discharged untreated to the sea by sea outfalls (Figure 1 ).
The aim of this paper is to assess the efficiency of municipal water use, for which municipalities are responsible in urban settlements, and to identify the origin and percentage of NRW in order to determine the tools and means for better municipal water demand management.
Definitions and method
The water use efficiency index indicates how to measure progress in water savings through demand management, by reducing losses and wasteful use during its transmission and distribution. It covers total and sectoral efficiency in domestic (municipal), agricultural and industrial water use. The municipal water use efficiency index, the subject of this study, is defined as the ratio of the 'total drinking water volume billed' to the 'total volume supplied (abstracted/treated and distributed)' to customers by the municipalities, as formulated below:
where E mun (%) is the Municipal water use efficiency index; V b is the volume billed to the customers by the municipalities (m 3 /year); and V s is the volume supplied to the customers (m 3 /year) by the municipalities.
The municipal water in our study is the potable water supplied by the water authority (the water department of the municipality) via the municipal network to various customers (housing areas, commercial districts, institutional and recreational facilities) that may use this water for drinking, washing, bathing, cooking, waste removal, or yard, cemetery and garden watering purposes. The customers are divided into three groups as domestic (household), commercial/industrial and public, according to the purpose of their main utilization. It also includes unaccounted system losses and leakage. The sectoral efficiency index indicates both the physical efficiency of the municipal drinking water network in terms of physical losses and commercial efficiency, reflecting the institutional capacity of the water authority concerned to recover costs through water bills. All operational and financial information covering the actual results for the last four years (2004) (2005) (2006) (2007) were collected from the municipalities in the first half of 2008 and analyzed to assess municipal water use efficiency (Ç arşamba Ceyhan Municipality, 2008; Ordu Municipality, 2008) . Site visits in all three municipal areas have been made in order to better understand the origin and reasons for physical (real) and commercial (apparent) losses, which constitute the NRW ratio formulated as follows:
where, again, V b is the volume billed to the customers by the municipalities (m 3 /year); and V s is the volume supplied to the customers (m 3 /year) by the municipalities. 
Assessment of water use efficiency index
The resident populations in the areas covered by the Ordu, Ceyhan and Ç arşamba Municipalities grew annually by 1.97%, 1.16% and 1.64%, respectively, between 2004 and 2007. The piped water service coverage ratio is close to 100% in all three municipalities, whereas the sewerage service coverage ratio is approximately 90%, which means that almost 100% of the population is connected to the municipal water network but only 90% of the population to the municipal sewerage system, as shown in Table 1 . These ratios are close to the national averages of 99.7% for water and 94.2% for sewerage in 2004 (TURKSTAT, 2007) .
The number of registered water customers for Ordu Municipality is about twice those of Ceyhan and Ç arşamba municipalities, as shown in Table 2 . Out of the total customers, 85.5% are domestic water users, 14% are commercial/industrial premises and 0.5% are public entities, on average covering the period between 2004 and 2007 based on year-end figures, showing the dominance of domestic customers. In 2007, the average number of inhabitants per resident water customer was 2.4 in Ordu, 3.9 in Ceyhan and 2.8 in Ç arşamba (which has also been stable in the past), a ratio which is representative for Turkey (Ersen, 2002) .
The highest quantity of water, in litres per capita per day (l/ca-d), is supplied by Ceyhan Municipality with 224.7 l/ca-d, followed by Ç arşamba Municipality with 195.6 l/ca-d, as shown in Table 3 .
In Turkey, all customers traditionally have water meters and bills are issued on a monthly basis, based on actual meter readings. Cost-covering tariffs have to be applied by law. However, in practice, cash operating costs are covered by general tariffs, without taking depreciation costs into account. Tariffs are highly differentiated with respect to customer groups, and households are cross-subsidized generally by Revenue collection performance (revenues collected divided by revenues billed in a specific year) of the three sample municipalities has been highly satisfactory, at over 95% between 2004 and 2006, as shown in Table 7 . The low average collection rate of 85.5% in 2007 is due to billings made in December, whose final payment dates were in January 2008 (since customers generally pay their bills on the final payment date). The highest collection rate is achieved from domestic customers followed by commercial/industrial customers. The worst collection performance is from public customers since their water supply cannot be disconnected and payments are affected by the transfer of funds allocated by central government, and these are delayed from time to time. 
Sources of non-revenue water (NRW)
The sources of NRW are mainly physical (real) and non-physical (apparent or commercial). The physical losses constitute that portion of water that is produced but not consumed, whereas the non-physical portion is consumed but is either unbilled metered, or unbilled unmetered as a result of unauthorized consumption (which implies illegal connection to the municipal network). NRW components are similar to water loss definitions and classifications as given in Table 8 .
A good information base about the sources of NRW constitutes the backbone of water use efficiency studies as the main component of water demand management. The sources of non-revenue domestic water in the selected municipalities are due to both physical (real) and commercial/non-physical (apparent) losses, as given in Figure 2 .
An in-depth analysis has been carried out in order to identify the origin and reasons for both sources of NRW in the three selected municipalities.The NRW is estimated to be 46.1% in Ordu (all customers are measured since they are equipped with water meters; however, the volume of water supplied to the city is not measured by bulk water meters and this was therefore estimated theoretically by making use of the electricity consumption of the pumps). The volume of unbilled and unmetered authorized consumption, i.e. consumption in 46 mosques, 12 fountains, municipal parks, cemeteries, fire-fighting, street and vehicle cleaning, is estimated at 10%, whereas the total technical losses originating from leakage in the water distribution network, overflows in storage tanks and leakage in service connections up to the water meters is estimated as equivalent to 36.1% of the volume of water supplied. The main reason for technical losses is the outdated cast iron pipes and continuous breakage of the small diameter asbestos cement (AC) pipes (Ø 100 mm and Ø 125 mm).
The NRW is estimated to be 62.4% in Ceyhan, but this is not a precise figure since the supplied volume of water is not measured by bulk water meters. The technical and commercial losses are estimated to be 51.0% and 11.4%, respectively. The main source of technical losses (20%) is the main transmission line which breaks frequently due to loose ground conditions in the wetland area for a distance of around 4.5 km. Distribution network losses, estimated at 30%, are due to ground conditions causing breakages in the non-flexible AC pipes. Reservoir losses account for only 1% of the NRW. Illegal consumption, which is estimated to be 5.4% and originates from relatively poor households, is the main source of commercial losses. Physical losses due to old or broken water meters are estimated to be less than this (at only 3% of the water supplied) since more than 60% of water meters have been renewed in recent years. Free-of charge consumption, comprising 33 mosques, garden water for municipal parks, cemeteries and fire-fighting, is estimated to be 3%. The NRW is estimated to be 52.4% in Ç arşamba, but this is not a precise figure since, here again, the supplied volume of water is not measured by bulk water meters. The technical and commercial losses are estimated to be 32.4% and 20.0% respectively. The main source of technical losses (20%) is the manually-operated reservoirs, which overflow frequently since water inflow cannot be stopped automatically when the reservoir is full. Distribution network losses are considered to be only 12.4% due to the newly constructed network that was put into operation in 2001. Illegal consumption, which is estimated to be 10.0% and originates from relatively poor households, is the main source of commercial losses, which are also generated by the malfunction and reduced precision of outdated, old and broken water meters. The percentage of such cases represents 8% of total illegal use. Free-of charge consumption, comprising the 30 mosques, garden water for municipal parks, cemeteries and firefighting, is estimated to be 2%. The NRW in all the case study areas is approximately 50%, which is typical for Turkey (nationally, the lowest NRW is in Bursa, at about 25%) (BUSKI, 2007) . The highest NRW belongs to Ceyhan Municipality at 62.4% (as shown in Table 9 and Figure 3 ), due to major leaks and cracks in the transmission main.
Conclusion
The field survey conducted within Ordu, Ç arşamba and Ceyhan municipal areas showed that, in parallel with solely technical improvement measures for increasing water use efficiency, an overall institutional capacity improvement is required to overcome the prevailing weakness related to the enforcement of the regulations governing water use. The key components of this change should be:
. to determine the current level of NRW and its components with the object of identifying effective measures to reduce physical and non-physical losses; . to assess NRW trends in the past and make comparisons with the best performing utilities so as to get feed-back on performance improvement as well as on O&M practices and training; . to take affordability into account for the vulnerable sectors of the population while setting up appropriate tariffs and support measures (Burak & Mat, 2008) .
While measure 1 and 2 above would be instrumental in reducing physical losses, measure 3 would contribute to the prevention of illegal losses by introducing affordable tariffs and selective support measures.
Non-revenue water (NRW) including both physical (real) and non-physical (apparent) water losses could be reduced by taking the following specific actions:
. installing bulk water meters at source to precisely measure the volume of water supplied to the city; . performing water balance calculations by reading source, bulk and customer meters regularly; . preventing reservoir overflows; . synchronizing district water supply and district meter readings (establishing controlled supply zones); . conducting regular leak detection studies;
. replacing outdated pipes and repairing leaking house connections; . performing checks on customer meter reading and customer meter accuracy (testing, changing, repairing, installing meters); . replacing meters regularly after 5 to 7 years to ensure meter accuracy;
. measuring the consumption of non-revenue (free-of-charge) customers; . detecting, correcting and preventing illegal connections; . verifying and updating the customer database (if needed, by conducting door-to-door customer surveys); . identifying vulnerable consumers and developing selective support measures (e.g. providing water free of charge for lifeline consumption, but transfering the cost to the water department from the municipal budget allocated for social and support services to ensure transparency and fair treatment among beneficiaries).
